Interferon alpha (IFN-α) not only plays a key role in innate host immunity against infections but also is involved in the cellular functions of the central nervous system (CNS). In this study, we examined the impact of morphine on IFN-α expression in human neuronal cells (NT2-N). Similar to human immune cells, NT2-N cells also expressed IFN-α at both mRNA and protein levels. IFN-α expression in NT2-N cells, however, was inhibited by morphine. Naltrexone antagonized the inhibitory effect of morphine on IFN-α expression in NT2-N cells. The specific mu opioid receptor antagonist, Cys2, Tyr3, Arg5, Pen7-amide (CTAP), also blocked the morphine action on intracellular IFN-α expression. Investigation of the mechanisms involved in the morphine action showed that although morphine had little effect on the expression of key IFN regulatory factors (IRFs), morphine inhibited IFN-α promoter activation and suppressed the expression and phosphorylation of signal transducer and activator of transcription 1 (STAT1) in the neuronal cells. These findings provide direct in vitro evidence that opioids may impair neuronal cell-mediated innate protection in the CNS.
Introduction
Opioids such as morphine exert a profound influence on immunomodulatory activity and affect regulatory actions of the central nervous system (CNS) (Carr and Serou, 1995; Hauser et al., 2007; Kapadia et al., 2005) . Opioid abusers have been known to have higher incidence of infectious diseases, which may be directly related to impaired immune functions (Carpenter et al., 1994; McCarthy et al., 2001; Nair et al., 1997; Novick et al., 1989; Ochshorn et al., 1990; Peterson et al., 1993; Risdahl et al., 1998) . The administration of morphine to rodents suppresses a variety of immune responses of major cell types in the immune system, including natural killer cells, T cells, B cells, macrophages and polymorphonuclear leukocytes (Bayer et al., 1990) , and also inhibits antibody (Lockwood et al., 1994) and cytokine release (Hung et al., 1973; Wang et al., 2003) . A significant suppression in interferon (IFN)-γ production by human blood lymphocytes was demonstrated in heroin addicts (Zaki et al., 2006) . Acute morphine administration in rats suppresses splenetic natural killer cell activity, mitogenic responses of blood lymphocyte, and in vitro production of the cytokines, such as interleukin-2, and IFN-γ (Kelschenbach et al., 2005; Peterson et al., 1989; Peterson et al., 1987; Wang et al., 2002) . Moreover, it is now well established that opioids can modulate immune function (such as the inhibition of lymphocyte proliferation) via pharmacological activation of endogenous opioid 
